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(54) Photocatalyst comprising organic-inorganic hybrid materials, and processes for preparing 
the same 

(57) The present invention is made to provide an 
organic-inorganic hybrid material, a surface of which is 
supplied with a layer exhibiting photo-catalysis, without 
photo-degradation of the substrate. The present inven- 
tion provides an organic-inorganic hybrid material com- 
prising a substrate, an intermediate layer and a photo- 
catalysis layer which are sequentially formed on a sur- 
face of the substrate, wherein the intermediate layer is 
composed of an organic-inorganic hybrid polymer mate- 
rial in which an organic polymer component and a metal 
oxide component are covalently bonded to each other, 
which is obtained by hydrolyzing and polycondensing a 
solution or a wet gel which comprises an organic poly- 
mer having an alkoxymetal group as a functional group 
or an organic polymer having a functional group reada- 
ble with a metal alkoxide compound, and a metal alkox- 
ide compound, and the photo-catalysis layer is 
composed of a metal oxide exhibiting photo-catalysis. 
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Description 

[0001] The present invention relates to an organic-inorganic hybrid material, a surface of which is supplied with a 
layer exhibiting photo-catalysis, and process for preparing the material. The organic-inorganic hybrid material shows 
5 excellent photo-catalysis functions such as deodorizing, bleaching, antifouling, anti-bacterial, and/or sanitizing actions. 
[0002] Titanium oxide is a material which exhibits photo-catalysis. 

[0003] Photo-catalysis means that an active oxygen fragment such as OH radical is formed on the surface of the 
titanium oxide when it is irradiated by light. The active oxygen fragment decomposes organic substances present on the 
surface of the titanium oxide, and finally converts them into carbon dioxide and water. Therefore, titanium oxide has 

10 recently been employed for removing organic substances present therearound such as odor, stain and fungi. 

[0004] The titanium oxide has generally been supported on a surface of an inorganic material such as tiles because 
the photo-catalysis of the titanium oxide is very active, and an organic material may be degraded remarkably if the 
organic material is brought into contact with the titanium oxide. If the titanium oxide is supported on an organic material, 
durability of the resulting material may become poor. 

is [0005] On the other hand, an organic material such as plastics and fibers is light-weight, easy to shape, and easy 
to handle. There is thus general need for a material having photo-catalysis which is supported on an organic substrate. 
[0006] JP-A- 171408/1995 and 265714/1995 disclose a method of employing an undecomposable resin such as a 
fluororesin and a silicone resin as a binder. 

[0007] JP-A- 157125/1991 and 213913/1995 disclose a method in which fine particles of titanium oxide are sup- 
20 ported on a porous organic body However, the titanium oxide directly contacts with an organic material such as a binder 
resin or a substrate even in these methods, and degradation of the material is not sufficiently prevented. 
[0008] JP-A- 33988/1 998 discloses a method in which titanium oxide particles are partially coated by alkyl silicate, 
and they are supported on an organic substrate. However, the photo-catalysis of the resulting material is poor because 
of a large amount of the alkyl silicate. Whereas, if the amount of the added alkyl silicate is reduced, contact area 
25 between the titanium oxide and the organic substrate becomes large, and durability of the resulting material becomes 
poor. 

[0009] The present invention is made to provide an organic-inorganic hybrid material, a surface of which is supplied 
with a layer exhibiting photo-catalysis, without photo-degradation of the substrate. 

[001 0] The present invention provides an organic-inorganic hybrid material comprising a substrate, an intermediate 
30 layer and a photo-catalysis layer which are sequentially formed on a surface of the substrate, wherein 

the intermediate layer is composed of an organic-inorganic hybrid polymer material in which an organic polymer 
component and a metal oxide component are covalently bonded to each other, which is obtained by hydrolyzing 
and polycondensing a solution or a wet gel which comprises an organic polymer having an alkoxymetal group as a 
35 functional group or an organic polymer having a functional group reactable with a metal alkoxide compound, and a 
metal alkoxide compound, and 

the photo-catalysis layer is composed of a metal oxide exhibiting photo-catalysis. 
[001 1 ] The organic-inorganic hybrid material may generally be prepared by the process comprising the steps of: 

40 

(i) providing a substrate having a surface; 

(ii) applying a solution or a wet gel which comprises an organic polymer having an alkoxymetal group as a func- 
tional group or an organic polymer having a functional group reactable with a metal alkoxide compound, and a 
metal alkoxide compound on the surface of the substrate to form an intermediate layer; 

45 (iii) forming a photo-catalysis layer which is composed of a metal oxide exhibiting photo-catalysis on the surface of 
the intermediate layer. 

[0012] Further, the present invention provides the organic-inorganic hybrid material which is excellent in mechani- 
cal strength, heat resistance, dimension stability, and chemical resistance. 
so [0013] That is, the present invention provides an organic-inorganic hybrid material comprising a substrate, an inter- 
mediate layer and a photo-catalysis layer which are sequentially formed on a surface of the substrate, wherein 

the intermediate layer is composed of an organic-inorganic hybrid component-gradient polymer material in which 
an organic polymer component and a metal oxide component are covalently bonded to each other, and the content 
55 of the metal oxide component is increased from the substrate in the direction of the photo-catalysis layer, and 
the photo-catalysis layer is composed of a metal oxide exhibiting photo-catalysis. 

[0014] The organic-inorganic hybrid material may generally be prepared by the process comprising the steps of: 
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(i) providing a substrate having a surface; 

(ii) applying a solution or a wet gel which comprises an organic polymer having an alkoxymetal group as a tunc- 
tional group or an organic polymer having a functional group reactable with a metal alkoxide compound, and a 
metal alkoxide compound on the surface of the substrate to form a coated layer; 

5 (iii) altering a compositional ratio of the solution or the wet gel so that the content of the metal oxide component is 
increased, and applying it thereon; 

(iv) repeating step (iii) at least one time to form the intermediate layer; 

(v) forming a photo-catalysis layer which is composed of a metal oxide exhibiting photo-catalysis on the surface of 
the intermediate layer. 

10 

Fig. 1 is an illustrative sectional view which shows a construction of the organic-inorganic hybrid material of the 
present invention. 

Fig. 2 is an illustrative sectional view which shows a construction of the organic-inorganic hybrid material of the 
present invention. 

is Fig. 3 is an illustrative sectional view which shows a construction of the organic-inorganic hybrid material of the 
present invention. 

Fig. 4 is an illustrative sectional view which shows a construction of the organic-inorganic hybrid material of the 
present invention. 

20 [001 5] The invention will now be described in detail. 

Sub strate 

[001 6] Not only an inorganic material such as tiles but also an organic material can be used as a substrate. Exam- 
25 pies of the organic material include a polymer material, e.g., general-purpose plastics such as a thermoplastic resin and 
a thermosetting resin, and engineering plastics. The shape thereof is not limited to, but may be a plate, thread, film, ball, 
block, and various molded shapes. It is preferred that the organic material is light-weight and easy to shape. 

Intermediate Laver 

30 

[0017] An intermediate layer is the layer which is placed between the substrate and the photo-catalysis layer. The 
intermediate layer prevents the substrate from contact with the photo-catalysis layer. It is preferred that the intermediate 
layer does not exhibit photo-catalysis because the organic substrate is not degraded even if it is kept in contact with the 
intermediate layer. It is also preferred that the intermediate layer has good adhesiveness to the substrate and the photo- 
35 catalysis layer. The material preferred to be employed as the intermediate layer is an organic-inorganic hybrid polymer 
material in which an organic polymer component and a metal oxide component are covalently bonded each other. 
[0018] An organic-inorganic hybrid material is prepared for example by hydrolyzing and polycondensing a solution 
or a wet gel which comprises an organic polymer having an alkoxymetal group as a functional group or an organic pol- 
ymer (A) having a functional group reactable with a metal alkoxide compound, and a metal alkoxide compound (B). 

40 

Organic polymer (A) 

[0019] Organic polymer (A) of the present invention is a polymer which has a functional group reactable with a 
metal alkoxide compound (B). Organic polymers (A) may be those prepared by any procedure. 

45 [0020] As a backbone component of the organic polymer (A), thermoplastic resins or thermoplastic elastomer pre- 
cursors such as polyethylene, polypropylene, polyvinyl chloride, polystyrene, polymethyl methacrylate, polyamide, poly- 
acetal, polycarbonate, polyester, polyphenylene ether, polymethyl pentene, polysulfone, polyether sulfone, 
polyphthalamide, polyphenylene sulfide, polyarylate, polyimide, polyether imide, and polyether ketone; and thermoset- 
ting resin precursors such as phenol resin, epoxy resin, acrylic resin, melamine resin, alkyd resin, urea resin, and sili- 

so cone resin may be mentioned. The backbone component of organic polymer (A) may be one component selected from 
the above described polymers or precursors, or may be a copolymer thereof. The organic polymer (A) may be a mixture 
of plural polymers, and it may be linear or branched. The organic polymer (A) is preferably soluble or swellable in a sol- 
vent such as halogenated hydrocarbon, ether, alcohol, and aprotic polar solvent, and preferably has a number average 
molecular weight of from 500 to 50000, more preferably 1000 to 15000. 

55 [0021] Among these, the thermoplastic resins are preferred, and engineering plastics such as polyamide, polya- 
cetal, polycarbonate, polysulfone, and polyarylate are more preferred due to their high performance. 
[0022] A functional group of organic polymer (A) may be those which are able to react with a functional group of a 
metal alkoxide compound (B). The specific functional group of organic polymer (A) includes, but is not limited to, an 
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alkoxymetal group, a hydroxyl group, an amino group, a carboxyl group. An alkoxymetal group [-Metal(OR) n ] is particu- 
larly preferred. 

[0023] The functional group equivalent of organic polymer (A) is generally 1 to 100, preferably 1 to 50, more pref- 
erably 2 to 1 0. If the functional group equivalent of organic polymer (A) is less than 1 , performance of the resulting mate- 
5 rial may become poor, and if it is more than 100, the resulting material may become fragile. 

Metal alkoxide compound (B) 

[0024] The metal alkoxide compound (B) of the present invention is not limited, and any class of them may be used. 
10 Preferably, the metal alkoxide compound (B) is one that does not exhibit photo-catalysis when it is converted to metal 
alkoxide. 

[0025] Preferred examples of metal alkoxide compound (B) are those represented by the formula (1): 

ApM (1) 

15 

wherein A represents an alkoxy group having 1 to 8, preferably 1 to 4 carbon atoms; 

M represents metal element selected from Si, Zr, Fe, Sn, B, Al, Ge, Ce, Ta, Ba, Ga, Pb and W, preferably from Si 
and Zr; and 

p represents an integer of 2 to 6. 

20 

[0026] Specific examples of metal alkoxide compound (B) include tetra-alkoxysilanes such as tetramethoxysilane, 
tetraethoxysilane, tetraisopropoxysilane, and tetrabutoxysilane; 

zirconium tetra-alkoxides such as zirconium tetra-n-propoxide, zirconium tetra-iso-propoxide, and zirconium 
25 tetrabutoxide; and 

metal alkoxides such as barium diethoxide, boron trimethoxide, gallium triethoxide, aluminium tributoxide, germa- 
nium tetraethoxide, lead tetrabutoxide, tantalum penta-n-propoxide, and tungsten hexaethoxide. 

[0027] Other examples of metal alkoxide compound (B) are those represented by the formula (2): 

$o 

R k A ) M(R' m X) n 

wherein R represents a hydrogen atom, an alkyl group having 1 to 12, preferably 1 to 5 carbon atoms, or a phenyl 
group, 

35 A represents an alkoxy group having 1 to 8, preferably 1 to 4 carbon atoms, 

M represents metal element selected from Si, Zr, Fe, Sn, B, Al, Ge, Ce, Ta, and W, preferably from Si and Zr, 
R' represents an alkylene group or an alkylidene group having 1 to 4, preferably 2 to 4 carbon atoms, 
X represents a functional group selected from an isocyanato group, an epoxy group, a carboxyl group, an acid hal- 
ide group, an acid anhydride group, an amino group, a thiol group, a vinyl group, a methacryl group, and a halogen 

40 atom, and 

k represents an integer of 0 to 5, 1 represents an integer of 1 to 5, m represents 0 or 1 , n represents an integer of 
Oto 5. 

[0028] Specific examples of the metal alkoxide compound (B) of which the metal is silicone, include (aJkyl)alkoxysi- 
45 lanes such as trimethoxysilane, triethoxysilane, tri-n-propoxysilane, dimethoxysilane, diethoxysilane, di-iso-propoxysi- 
lane, monomethoxysilane, monoethoxysilane, monobutoxysiiane, methyldimethoxysilane, ethyldiethoxysilane, 
dimethylmethoxysilane, di-iso-propylisopropoxysilane, methyltrimethoxysilane, ethyltriethoxysilane, n-propyltri-n-pro- 
poxysilane, butyltributoxysilane, dimethyldimethoxysilane, diethyldiethoxysilane, di-iso-propyldi-iso-propoxysilane, dib- 
utyldibutoxysilane, trimethylmethoxysilane, triethylethoxysilane, tri-n-propyl-n-propoxysilane, tributylbutoxysilane, 
so phenyltrimethoxysilane, diphenyldiethoxysilane, and triphenylmethoxysilane; 

(alkyl)alkoxysilanes having an isocyanato group such as 3-isocyanatopropyitrimethoxysilane, 3-isocyanatopropyl- 
triethoxysilane, 2-isocyanato- ethyltriethoxysilane, 2-isocyanato-ethyltri-n-propoxysilane, 2-isocyanato-ethylethyld- 
ibutoxysilane, 3-isocyanatopropylmethyldimethoxysilane, 3-isocyanatopropylethyldiethoxysilane, 3- 
55 isocyanatopropyldimethyl-iso-propoxysilane, 3-isocyanatopropyldiethylethoxysilane, 2-isocyanato-ethyldiethylbu- 
toxysilane, di(3-isocyanatopropyl)diethoxysilane, di(3-isocyanatopropyl)methylethoxysilane, and ethoxytriisocy- 
anatosilane; 

(alkyl)alkoxysilanes having an epoxy group such as 3-glycidoxypropyltrimethoxysilane, 3-glycidoxypropyltriethox- 
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ysiiane, 3-glyddoxypropylmethyldimethoxysilane, 3-glycidoxypropylmethyldiethoxysilane, 3-glycidoxypropyld- 
imethylethoxysilane, 2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane, and 3,4-epoxybutyltrimethoxysilane; 

(alkyl)alkoxysifanes having a carboxyl group such as carboxymethyltriethoxysilane, carboxymethylethyldiethoxysi- 

lane, and carboxyethyldimethylmethoxysilane, 
5 alkoxysilanes having an acid anhydride group such as 3-(triethoxysilyl)-2-methylpropytsuccinic anhydride; 

alkoxysilanes having a acid halide group such as 2-(4-chlorosulfonytphenyl)ethyltriethoxysilane; 

(alkyl)alkoxysilanes having an amino group such as 3-aminopropyftrimethoxysilane, 3-aminopropyitriethoxysilane, 

N-2-(aminoethyl)-3-aminopropyltriethoxysilane, N-2-(aminoethyl)-3-aminopropylmethyldimethoxysilane, and N- 

phenyl-3-aminopropyltrimethoxysilane; 
w (alkyl)alkoxysilanes having a thiol group such as 3-mercaptopropyltrimethoxysilane, 3-mercaptopropyltriethoxysi- 

lane, 2-mercaptoethyltriethoxysiIane, and 3-mercaptopropylmethyldimethoxysilane; 

(alkyl)alkoxysilanes having a vinyl group such as vinyltrimethoxysilane, vinyltriethoxysilane, and vinylmethyldi- 
ethoxysilane; 

(alkyl)alkoxysilanes having a methacryl group such as 3-methacryloxypropyltrimethoxysilane, 3-methacryloxypro- 
15 pyltriethoxysilane, and 3-methacryloxypropyImethyldimethylsilane; and 

(alkyl)alkoxysilanes having a halogen atom such as triethoxyf luorosilane, 3-chloropropyltrimethoxysilane, 3-bromo- 
propyltriethoxysilane, and 2-chloroethylmethyldimethoxysilane. 

[0029] Substantially the same compounds as described above except that a metal element other than silicon, for 
20 example Zr, Fe, Sn, B, Al, Ge, Ce, Ta, or W is used, are also included in the scope of the metal alkoxide compound (B) 
of the present invention. 

[0030] A metal alkoxide compound (B) may be used alone or in combination of not less than two thereof. The metal 
alkoxide compound which includes not less than two kinds of metal such as Mg[Al(iso-OC3H 7 ) 4 ]2, BalZ^C^HsJgfe, 
(C3H70) 2 Zn;AI(OC3H 7 )4]2, or the oligomer type metal alkoxide compound which includes not less than two repeating 
25 unites in the molecule such as tetramethoxysilane oligomer, tetraethoxysilane oligomer are also employed. The alkoxy 
group of the metal alkoxide compound (B)may be an acetoxy group. 

[0031 ] An organic polymer (A) which has a e.g. hydroxyl group, an amino group or a carboxyl group may be reacted 
with the metal alkoxide compound (B) to obtain an organic polymer having an aikoxymetal group as a functional group. 
The organic polymer having an aikoxymetal group as a functional group has high reactivity, and is also included in the 
30 preferred examples of the organic polymer (A). A method for preparing the organic polymer having an aikoxymetal 
group as a functional group is for example described in the specification of EP-A-91 8 061 , page 6, line 8 to page 7, line 
18. 

Organic-inorganic hybrid polymer material 

35 

[0032] An organic-inorganic hybrid polymer material is for example prepared by the process of: a solution of organic 
polymer (A) which has a functional group reactaWe with a metal alkoxide compound (B), and metal alkoxide compound 
(B) is prepared; and the solution is hydrolyzed and polycondensed in a sol-gel reaction as described in the specification 
of EP-A-91 8 061 , page 7, line 46 to page 8, line 9. 

40 [0033] The content of the organic polymer component in the organic-inorganic hybrid polymer material is not par- 
ticularly limited. However, when an organic substrate is employed, it is preferred that the content of the organic polymer 
component is not less than 50% by weight at the interface between the substrate and the intermediate layer in order to 
improve the adhesiveness to the organic substrate. It is preferred that the content of the organic polymer component is 
close to 0% by weight, that is the content of the metal oxide component is close to 100% by weight at the interface 

45 between the intermediate layer and the material exhibiting photo-catalysis in order to prevent the degradation of the 
organic substrate. 

[0034] The intermediate layer is preferred to have an internal structure in which content of an organic polymer com- 
ponent and a metal alkoxide component is constant in the direction parallel to the surface of the material, and the com- 
positional ratio of a metal oxide component is gradually increased from the substrate in the direction of the photo- 
so catalysis layer. The internal structure of the intermediate layer in which the content of a component is altered in the 
thickness direction is referred to as "component-gradient structure". 

[0035] Thereby, the resulting organic-inorganic hybrid material becomes mechanically tough, and stable in dimen- 
sion with aging and/or under heat or heat-shock, and becomes resistant to chemicals. That is, the organic-inorganic 
hybrid material having a component-gradient structure is resistant to surface cracking, surface peeling, bowing or defor- 
55 mation, even if heat-shock or aging is applied. 

[0036] The intermediate layer may be constructed to have a double structure which is composed of a first interme- 
diate layer and a second intermediate layer. It is preferred that the second intermediate layer is composed of metal 
oxide which is obtained by hydrolyzing and polycondensing a metal alkoxide compound. 
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[0037] In this instance, the photo-catalysis layer contacts with the second intermediate layer composed of metal 
oxide, and does not contact with the first intermediate layer composed of the organic-inorganic hybrid polymer material. 
Thereby, the degradation of not only the organic substrate but also of an organic moiety of the organic-inorganic hybrid 
polymer material is prevented. As a result, durability of the resulting organic-inorganic hybrid material is sufficiently 
5 improved. 

[0038] Throughout the specification, the hydrolysis and polycondensation in a sol-gel process means the reaction 
process in which a polymer having an alkoxymetal group reacts with water, the alkoxymetal group converts to a hydroxyl 
group, and the hydroxyl group is simultaneously polycondensed with an adjacent hydroxymetal group (e.g., - SiOH) or 
an adjacent alkoxymetal group by dehydration or elimination of alcohol to form three-dimensional crosslinkage com- 
10 posed of inorganic covalent bond. The polycondensation reaction typically occurs due to dehydration between two 
hydroxymetal groups, but the dehydration may occur between a hydroxymetal group and a functional group having an 
active hydrogen such as another hydroxyl group, an amino group, and a carboxyl group. 

[0039] TTie water may be added to the reaction process in an amount sufficient for converting all of the alkoxy group 
to the hydroxyl group. Otherwise, water present in the reaction mixture, or moisture of an atmosphere may be utilized. 
is [0040] The reaction is preferably conducted at from room temperature to 1 00 Q C for 0.5 to 24 hours. An acidic cat- 
alyst such as hydrochloric acid, sulfonic acid, acetic acid, benzenesulfonic acid, and p-toluenesulfonic acid, or a basic 
catalyst such as sodium hydroxide, potassium hydroxide, ammonia, triethylamine, piperidine, and 1 ,8-diazabicyclo- 
[5,4,0]-7-undecene (DBU), may also be employed. 

(0041] The metal selected from the group consisting of Si, Ti, Zr, Fe, Cu, Sn, B, Al, Ge, Ce, Ta, and W, and a metal 
20 compound thereof such as a metal oxide, metal complex or metal salt may further be employed in the hydrolysis and 
polycondensation reaction of the present invention, in view of further improving strength, hardness, weather resistance, 
chemical resistance, flame resistance, static resistance of the resulting material; for newly supplying a performance to 
the material; or for controlling the inorganic content or the crosslinking density of the material. 
[0042] An anti-drying agent such as formamide, dimethylformamide, dioxane, oxalic acid, or another additives such 
25 as acetyl acetone may be included in the reaction mixture for the hydrolysis and polycondensation reaction of the 
present invention for preventing from forming the crack during the drying process. 

[0043] "Hie thickness after drying of the intermediate layer is generally 0.01 to 1000jim, preferably 0.1 to 100jim. If 
the thickness is more than 1000um, long term is required for forming the layer, and large amount of raw material is also 
required, resulting in high cost. If the thickness is less than 0.01 \iro, pinholes may be formed in the layer resulting in 
30 poor performance. 

[0044] In the case where the intermediate layer is constructed to have a double structure which is composed of a 
first intermediate layer, and a second intermediate layer, the thickness after drying of the first intermediate layer is gen- 
erally 0.01 to 1000|im, preferably 0.1 to 100^m. If the thickness is more than 1000 urn, long term is required for forming 
the layer, and large amount of raw material is also required, resulting in high cost. If the thickness is less than 0.01 urn, 
35 pinholes may be formed in the layer resulting in poor performance. 

[0045] The thickness after dried of the second intermediate layer is generally 0.01 to 100um, preferably 0.1 to 
10nm. If the thickness is more than 100nm crack or peeling of the layer may occur. If the thickness is less than 0.01 urn, 
pinholes may be formed in the layer resulting in poor performance. 

40 Photo-catalysis Lqy er 

[0046] The photo-catalysis layer is a layer which is composed of a material exhibiting photo-catalysis. It is preferred 
that the photo-catalysis is strong. The shape of the material exhibiting photo-catalysis is not particularly limited, but it is 
preferred that the surface area of the material is large because the photo-catalysis is improved. 
45 [0047] (n the case where the shape of the material exhibiting photo-catalysis is particulate, the particle size is pref- 
erably not more than lOO^m. If the particle size is more than lOO^im, appearance or tactile sensation of the resulting 
material may become poor. It is preferred that the particle size is small because the smaller the particle size, the more 
active the photo-catalysis of the material. 

[0048] Examples of the material exhibiting photo-catalysis include metal oxides exhibiting photo-catalysis (C). The 
so metal oxide (C) may be employed alone or in combination of not less than two kinds. The metal oxide (C) may be one 
that comprises not less than two metal elements in one molecule. The metal oxide (C) may be one that comprises addi- 
tional inorganic substances in order to improve photo-catalysis, mechanical strength and flexibility. 
[0049] Preferred examples of metal oxide (C) include titanium oxide and cuprous oxide. The titanium oxide may be 
that obtained by methods known to those skilled in the art, for example the method in which e.g. titanyl sulfate, titanium 
55 tetrachloride, or a titanate is neutralized or hydrolyzed, or the method in which titanium tetrachloride is oxidized in the 
gas phase. The titanium oxide of anatase type, rutile type, amorphous type, hydrated type, or a combination thereof 
may generally be employed. The cuprous oxide may be obtained by the method in which cuprous chloride is hydro- 
lyzed, or the method in which cupric oxide or cupric hydroxide is reduced. 
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[0050] The content of metal oxide (C) in the photo-catalysis layer is generally from 1 0 to 1 00% by weight, preferably 
20 to 100% by weight. 

[0051] The metal oxide (C) may be an inorganic polymer material obtained by hydrolyzing and polycondensing a 
solution or a wet gel which comprises a metal alkoxide compound. The metal element of the metal alkoxide compound 

5 is one that exhibits photo-catalysis when it is oxidized. 

[0052] Preferred examples of the metal alkoxide compound include the compound represented by the formula (1) 
in which the central metal M is e.g. Ti or Cu and the compound represented by the formula (2) in which the central metal 
M is e.g. Ti or Cu. For example, titanium tetraalkoxides such as titanium tetramethoxide, titanium tetraethoxide, titanium 
tetra-n-propoxide, titanium tetraisopropoxide, and titanium tetrabutoxide; and cupric dialkoxides such as cupric dimeth- 

w oxide, cupric diethoxide, cupric di-n-propoxide, cupric diisopropoxide, and cupric dibutoxide are included. 

[0053] The metal alkoxide may be employed alone or in combination of not less than two kinds. The metal alkoxide 
may be one that comprises not less than two metal elements in one molecule, that includes not less than two repeating 
unites in one molecule, or that has an acetoxy group or an acetyl acetoxy group in place of an alkoxy group. 
[0054] The photo-catalysis layer may have a component-gradient structure in which the content of metal oxide (C) 

is is gradually increased from the intermediate layer in the direction of surface. In this instance, the content of metal oxide 
(C) is controlled in the range from 10 to 100% by weight. However, the highest region preferably comprises metal oxide 
(C) in an amount from 50 to 100% by weight. 

[0055] The dry thickness of the photo-catalysis layer is generally 0.01 to 1 0O^rn, preferably 0. 1 to 1 00% by weight. 
If the thickness is more than 100nm, crack or peeling of the layer may occur. If the thickness is less than 0.0 1um, pin- 
20 hole mask be formed in the layer resulting in poor performance. 

Proration of Organic- Inorganic Hy brid Material 

[0056] The organic-inorganic hybrid material of the present invention is prepared by the sol-gel reaction of an 
25 organic polymer which has a functional group reactable with a metal alkoxide compound, and a metal alkoxide com- 
pound. 

[0057] A mixture of an organic polymer which has a functional group reactable with a metal alkoxide compound, 
and a metal alkoxide compound is dissolved in a suitable solvent, and an acid compound or a base compound is option- 
ally added as a catalyst to conduct hydrolysis. A substrate having a surface is then provided, the resulting solution or 

30 wet gel is applied on the surface of the substrate, and the solvent is partially dried to form an intermediate layer. The 
drying of the intermediate layer may be conducted under room temperature or raised temperature. 
[0058] It is preferred that the drying of the intermediate layer is conducted as minimum as possible because adhe- 
siveness to the layer placed thereon (the second intermediate layer, or photo-catalysis layer) is improved. 
[0059] When the intermediate layer have the component-gradient structure, it is for example prepared as follows. A 

35 first mixed composition including organic polymer (A) and metal alkoxide compound (B) in a certain compositional ratio 
is prepared. The first mixed composition is then hydrolyzed to obtain a first partially condensed wet gel. The first par- 
tially condensed wet gel is applied on the surface of the substrate to form the first layer. The first layer preferably con- 
tains an organic polymer component in an amount of not less than 50% by weight based on solid. 
[0060] Then a second mixed composition including organic polymer (A) and metal alkoxide compound (B), the 

40 compositional ratio of which is slightly changed from the first mixed composition, is prepared. The second mixed com- 
position is hydrolyzed to obtain a second partially condensed wet gel. The second partially condensed wet gel is 
applied on a surface of the first layer to form the second layer. 

[0061] The procedures of this step are then severally repeated, and some layers are overlayed to complete the 
intermediate layer. The content of the organic polymer component is finally reduced to 30% by weight, preferably 10% 

45 by weight based on solid. 

[0062] Each of the applied layers may be dried or not dried before the next layer is applied. When it is dried, the 
drying may be conducted under room temperature or raised temperature. It is preferred that the drying of the layer is 
conducted as minimum as possible because adhesiveness with the layer placed thereon is improved. 
[0063] When the organic-inorganic hybrid material has the second intermediate layer, a solution or a wet gel of a 

so metal alkoxide, the metal element of which does not exhibit photo-catalysis when it is oxidized, is applied on the surface 
of the (first) intermediate layer. 

[0064] The photo-catalysis layer which is comprised of the material exhibiting photo-catalysis is formed on the inter- 
mediate layer, or on the second intermediate layer. It is preferred that a metal oxide exhibiting photo-catalysis (C) is 
employed as the material exhibiting photo-catalysis. 
55 [0065] The photo-catalysis layer is formed, for example, by the process in which a metal oxide powder (particles) 
comprising metal oxide (C) is dispersed in a volatile solvent, and the resulting dispersion is applied on the intermediate 
layer, or the process in which metal oxide (C) in the form of powder is directly applied on the intermediate layer in the 
form of wet gel. Otherwise, a solution or a wet gel of a metal alkoxide, the metal element of which exhibits photo-catal- 
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ysis when it is oxidized, may be applied on the surface of the intermediate layer to form the photo-catalysis layer. 
[0066] When the photo-catalysis layer has a component-gradient structure, it is for example prepared as follows. 
Some kinds of solutions or wet gels containing metal oxide (C) in some gradually altered amounts respectively are pre- 
pared, and each of the solution or wet gel is sequentially applied so that the component-gradient structure is completed. 
5 [0067] After all the layers are formed on the substrate, the layers may be dried. The drying may be conducted under 
room temperature or raised temperature. The drying is conducted for example at 50 to 500°C for 5 minutes to 48 hours 
in order to proceed condensation reaction and to make rigid crosslinkage. 

Technical Effects of the Invention 

10 

[0068] The organic-inorganic hybrid material of the present invention has an intermediate layer which is placed 
between the substrate and the photo-catalysis layer. The intermediate layer is composed of an organic-inorganic hybrid 
polymer material which satisfactorily has the inherent characteristics of an inorganic material such as heat resistance, 
surface hardness, rigidity, water resistance, chemical resistance and mechanical properties. 

is [0069] Thereby, the substrate which supports the material is prevented from degradation due to the photo-catalysis 
even rf an organic material is used as the substrate, and durability of the organic-inorganic hybrid material is prolonged. 
[0070] When the intermediate layer has a component-gradient structure, the adhesiveness between the layers is 
remarkably improved. Thereby, the resulting organic-inorganic hybrid material becomes mechanically tough, and stable 
in dimension with aging and/or under heat or heat-shock, and becomes resistant to chemicals. 

20 [0071] The organic-inorganic hybrid material of the present invention is a high-performance and high-functional 
material excellent in deodorant ability, resistance to stain and fungi, nevertheless is light-weight and easy to shape. 
Therefore, it is applicable to for example, plastic molded articles, films, construction materials, optical materials, surface 
modifying agents, hard coating agents, electric or electronic materials and medical material. 

25 Examples 

[0072] The present invention is illustrated by the following examples which, however, are not to be construed as lim- 
iting the present invention. 

30 Preparation Example 1 

[0073] 70.0 g of polycarbonate diol (PC-diol) having a number average molecular weight of 3900, and a hydroxyl 
group equivalent of 1 .8 was dissolved into 500 ml_ of chloroform. To the solution was added 1 3.3 g of 3-isocyanatopro- 
pyltriethoxysilane (IPTES), heated with refluxing for 10 hours, and cooled to room temperature. The reaction mixture 
35 was dropwise added to 7 L of methanol to precipitate the reaction product. The precipitated substance was filtered off, 
washed with methanol, and dried in vacuo (97% yield). 

[0074] 1 H-NMR spectrum showed that the reaction product was alkoxysilylated polycarbonate in which an alkoxys- 
ilyl group is introduced at the both ends of the polycarbonate (PCS). The alkoxysilyl group equivalent of the reaction 
product was 1.8. The number average molecular weight of the reaction product was determined to be 4400 by GPC 
40 measurement. 

[0075] The detailed conditions for determining the molecular weight are as follows. 



Apparatus 


Model HLC8020 made by Tosoh Corp. 


Column 


KF-806L x 2 and KF-803L x 1 (three columns were coupled) made by Showadenko Co., Ltd. 


Pre-co!umn 


KF-2000 made by Showadenko Co., Ltd. 


Carrier 


THF 


Temperature 


40°C 


Flow rate 


1 .0 ml/min. 


Detector 


Refractometer 


Recorder 


Model SC-8020 made by Tosoh Corp. 


Conversion standard 


Polystyrene 
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Preparation Example 2 

[0076] 26.0 g of polysulfone diol having a number average molecular weight of 5200, and a hydroxy! group equiva- 
lent of 1 7 was dissolved into 300 mL of chloroform. To the solution was added 3.5 g of IPTES, heated with refluxing for 

5 1 1 hours, and cooled to room temperature. The reaction mixture was dropwise added to 3 L of methanol to precipitate 
the reaction product. The precipitated substance was filtered off, washed with methanol, and dried in vacuo (96% yield). 
[0077] 1 H-NMR spectrum showed that the reaction product was alkoxysilylated polysulfone in which an alkoxysilyl 
group is introduced at the both ends of the polysulfone (PSS). The alkoxysilyl group equivalent of the reaction product 
was 1 .7. The number average molecular weight of the reaction product was determined to be 6000 by GPC measure- 

10 ment. 

Preparation Example 3 

[0078] 30.5 g of polyarylate diol having a number average molecular weight of 6100, and a hydroxyl group equiva- 
15 lent of 1 .6 was dissolved into 300 mL of chloroform. To the solution was added 3.2 g of IPTES, heated with refluxing for 
15 hours, and cooled to room temperature. The reaction mixture was dropwise added to 3 L of methanol to precipitate 
the reaction product. The precipitated substance was filtered off, washed with methanol, and dried in vacuo (96% yield). 
[0079] 1 H-NMR spectrum showed that the reaction product was alkoxysilylated polyarylate in which an alkoxysilyl 
group is introduced at the both ends of the polyarylate (PAS). The alkoxysilyl group equivalent of the reaction product 
20 was 1 .6. The number average molecular weight of the reaction product was determined to be 6700 by GPC measure- 
ment. 

Example 1 

25 [0080] 5.0 g of the PCS having a number average molecular weight of 4400 prepared in Preparation Example 1 is 
dissolved in 50 ml of tetrahydrofuran (THF), and hydrolyzed by using 0.15 g of 1 N aqueous hydrochloric acid at room 
temperature to obtain a solution. The solution was coated on a polycarbonate substrate by using a spin coater to form 
the first intermediate layer. 

[0081 ] 5.0 g of tetraethoxysilane (TEOS) was dissolved in 25 ml of THF, and hydrolyzed by using 2.0 g of 1 N aque- 
30 ous hydrochloric acid at room temperature to prepare a solution. The solution was coated on the surface of the first 
intermediate layer by using a spin coater to form the second intermediate layer. 

[0082] 5.0 g of anatase type titanium oxide having an average particle size of Sum was dispersed in 25 ml of THF. 
The dispersion was coated on the surface of the second intermediate layer by using a spin coater to form the photo- 
catalysis layer. 

35 [0083] The coated material was allowed to stand at room temperature for 1 day, and heated at 100°C for 1 0 hours. 
[0084] As a result, the organic-inorganic hybrid material (100) as shown in Fig. 1 which has a polycarbonate sub- 
strate (101), a first intermediate layer (102) composed of crosslinked PCS, a second intermediate layer (103) composed 
of silica, and a photo-catalysis layer (104) composed of titanium oxide particles was obtained. 

40 Example 2 

[0085] 5.0 g of the PCS having a number average molecular weight of 4400 prepared in Preparation Example 1 is 
dissolved in 50 ml of THF, and hydrolyzed by using 0.15 g of 1N aqueous hydrochloric acid at room temperature to 
obtain a solution. The solution was coated on a polycarbonate substrate by using a spin coater to form the first interme- 
45 diate layer. 

[0086] 5.0 g of TEOS was dissolved in 25 ml of THF, and hydrolyzed by using 2.0 g of 1 N aqueous hydrochloric acid 
at room temperature to prepare a solution. The solution was coated on the surface of the first intermediate layer by 
using a spin coater to form the second intermediate layer. 

[0087] 5.0 g of titanium tetrabutoxtde was dissolved in 25 ml of THF and hydrolyzed by using 1 .0 g of 1 N aqueous 
so hydrochloric acid at room temperature to prepare a solution. The solution was coated on the surface of the second inter- 
mediate layer by using a spin coater to form the photo-catalysis layer. 

[0088] The coated material was allowed to stand at room temperature for 1 day, and heated at 100°C for 10 hours. 
[0089] As a result, the organic-inorganic hybrid material which has a polycarbonate substrate, a first intermediate 
layer composed of crosslinked PCS, a second intermediate layer composed of silica, and a photo-catalysis layer com- 
55 posed of titanium oxide was obtained. 
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Example 3 

[0090] 2.5 g of the PCS having a number average molecular weight of 4400 prepared in Preparation Example 1 . 
and 2.5 g of TEOS were dissolved in 40 ml of THF, and hydrolyzed by using 1 .0 g of 1 N aqueous hydrochloric acid at 
5 room temperature to obtain a solution. The solution was coated on a polycarbonate substrate by using a spin coater to 
form the intermediate layer. 

[0091] 2.5 g of TEOS, and 2.5 g of anatase type titanium oxide having an average particle size of 5um were dis- 
persed in 25 ml of THF, and hydrolyzed by using 1 .0 g of 1 N aqueous hydrochloric acid at room temperature to prepare 
a dispersion. The dispersion was coated on the surface of the intermediate layer by using a spin coater to form the 
io photo-catalysis layer. 

[0092] The coated material was allowed to stand at room temperature for 1 day, and heated at 100°C for 10 hours. 
[0093] As a result, the organic-inorganic hybrid material (200) as shown in Fig. 2 which has a polycarbonate sub- 
strate (201), an intermediate layer (202) composed of silica/crosslinked PCS, and a photo-catalysis layer (203) com- 
posed of silica/titanium oxide particles was obtained. 

15 

Example 4 

[0094] 2.5 g of the PCS having a number average molecular weight of 4400 prepared in Preparation Example 1 , 
and 2.5 g of TEOS were dissolved in 40 ml of THF, and hydrolyzed by using 1.0 g of 1N aqueous hydrochloric acid at 
20 room temperature to obtain a solution. The solution was coated on a polycarbonate substrate by using a spin coater to 
form the intermediate layer. 

[0095] 2.5 g of TEOS, and 2.5 g of cuprous oxide were dispersed in 25 ml of THF, and hydrolyzed by using 1 .0 g of 
1 N aqueous hydrochloric acid at room temperature to prepare a dispersion. The dispersion was coated on the surface 
of the intermediate layer by using a spin coater to form the photo-catalysis layer. 
25 [0096] The coated material was allowed to stand at room temperature for 1 day, and heated at 1 00°C for 1 0 hours. 
[0097] As a result, an organic-inorganic hybrid material which has a polycarbonate substrate, an intermediate layer 
composed of silica/crosslinked PCS, and a photo-catalysis layer composed of silica/cuprous oxide particles was 
obtained. 

30 Example 5 

[0098] 5.0 g of the PSS having a number average molecular weight of 6000 prepared in Preparation Example 2 is 
dissolved in 50 ml of THF, and hydrolyzed by using 0.10 g of 1N aqueous hydrochloric acid at room temperature to 
obtain a solution. The solution was coated on a polycarbonate substrate by using a spin coater to form the first interme- 
35 diate layer. 

[0099] 5.0 g of tetramethoxysilane oligomer having a number average molecular weight of 1 000 available from Mit- 
subishi Kagaku K.K. as MKC SILICATE MS-56 (TMOS) was dissolved in 25 ml of THF, and hydrolyzed by using 2.0 g 
of 1 N aqueous hydrochloric acid at room temperature to prepare a solution. The solution was coated on the surface of 
the first intermediate layer by using a spin coater to form the second intermediate layer. 
40 [0100] 5.0 g of anatase type titanium oxide having an average particle size of 5^m was dispersed in 25 ml of THF. 
The dispersion was coated on the surface of the second intermediate layer by using a spin coater to form the photo- 
catalysis layer. 

[0101] The coated material was allowed to stand at room temperature for 1 day, and heated at 100°C for 10 hours. 
[0102] As a result, an organic-inorganic hybrid material which has a polycarbonate substrate, a first intermediate 
45 layer composed of crosslinked PSS, a second intermediate layer composed of silica, and a photo-catalysis layer com- 
posed of titanium oxide particles was obtained. 

Example 6 

so [0103] 5.0 g of the PSS having a number average molecular weight of 6000 prepared in Preparation Example 2 is 
dissolved in 50 ml of THF, and hydrolyzed by using 0.10 g of 1N aqueous hydrochloric acid at room temperature to 
obtain a solution. The solution was coated on a polycarbonate substrate by using a spin coater to form the first interme- 
diate layer. 

[0104] 5.0 g of TMOS was dissolved in 25 ml of THF, and hydrolyzed by using 2.0 g of 1N aqueous hydrochloric 
55 acid at room temperature to prepare a solution. The solution was coated on the surface of the first intermediate layer 
by using a spin coater to form the second intermediate layer. 

[0105] 5.0 g of titanium tetrabutoxide oligomer having a number average molecular weight of 970 was dissolved in 
25 ml of THF and hydrolyzed by using 0.9 g of 1 N aqueous hydrochloric acid at room temperature to prepare a solution. 
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The solution was coated on the surface of the second intermediate layer by using a spin coater to form the photo-catal- 
ysis layer. 

[0106] The coated material was allowed to stand at room temperature for 1 day, and heated at 100°C for 10 hours. 
[0107] As a result, an organic-inorganic hybrid material which has a polycarbonate substrate, a first intermediate 
5 layer composed of crosslinked PSS, a second intermediate layer composed of silica, and a photo-catalysis layer com- 
posed of titanium oxide was obtained. 

Example 7 

10 [0108] 2.5 g of the PSS having a number average molecular weight of 6000 prepared in Preparation Example 2, 
and 2.5 g of TMOS were dissolved in 40 ml of THF, and hydrolyzed by using 1 .0 g of 1 N aqueous hydrochloric acid at 
room temperature to obtain a solution. The solution was coated on a polycarbonate substrate by using a spin coater to 
form the intermediate layer. 

[0109] 2.5 g of TMOS, and 2.5 g of anatase type titanium oxide having an average particle size of 5^m were dis- 
15 persed in 25 ml of THF, and hydrolyzed by using 1 .0 g of 1 N aqueous hydrochloric acid at room temperature to prepare 
a dispersion. The dispersion was coated on the surface of the intermediate layer by using a spin coater to form the 
photo-catalysis layer. 

[0110] The coated material was allowed to stand at room temperature for 1 day, and heated at 100°C for 10 hours. 
[0111] As a result, an organic-inorganic hybrid material which has a polycarbonate substrate, an intermediate layer 
20 composed of silica/crosslinked PSS, and a photo-catalysis layer composed of silica/titanium oxide particles was 
obtained. 

Exqmple 8 

25 [0112] 2.5 g of the PSS having a number average molecular weight of 6000 prepared in Preparation Example 2, 
and 2.5 g of TMOS were dissolved in 40 ml of THF, and hydrolyzed by using 1 .0 g of 1 N aqueous hydrochloric acid at 
room temperature to obtain a solution. The solution was coated on a polycarbonate substrate by using a spin coater to 
form the intermediate layer. 

[0113] 2.5 g of TMOS, and 2.5 g of cuprous oxide were dispersed in 25 ml of THF, and hydrolyzed by using 1.0 g 
30 of 1 N aqueous hydrochloric acid at room temperature to prepare a dispersion. The dispersion was coated on the sur- 
face of the intermediate layer by using a spin coater to form the photo-catalysis layer. 

[01 14] The coated material was allowed to stand at room temperature for 1 day, and heated at 1 00°C for 1 0 hours. 
[01 15] As a result, an organic-inorganic hybrid material which has a polycarbonate substrate, an intermediate layer 
composed of silica/crosslinked PSS, and a photo-catalysis layer composed of silica/cuprous oxide particles was 
35 obtained. 

Example 9 

[0116] 5.0 g of the PAS having a number average molecular weight of 6700 prepared in Preparation Example 3 is 
40 dissolved in 50 ml of THF, and hydrolyzed by using 0.10 g of 1N aqueous hydrochloric acid at room temperature to 
obtain a solution. The solution was coated on a polycarbonate substrate by using a spin coater to form the first interme-. 
diate layer. 

[0117] 5.0 g of TMOS was dissolved in 25 ml of THF, and hydrolyzed by using 2.0 g of 1N aqueous hydrochloric 
acid at room temperature to prepare a solution. The solution was coated on the surface of the first intermediate layer 
45 by using a spin coater to form the second intermediate layer. 

[01 18] 5.0 g of cuprous oxide particles were dispersed in 25 ml of THF The dispersion was coated on the surface 
of the second intermediate layer by using a spin coater to form the photo-catalysis layer. 

[0119] The coated material was allowed to stand at room temperature for 1 day, and heated at 100°C for 10 hours. 
[0120] As a result, an organic-inorganic hybrid material which has a polycarbonate substrate, a first intermediate 
so layer composed of crosslinked PAS, a second intermediate layer composed of silica, and a photo-catalysis layer com- 
posed of cuprous oxide particles was obtained. 

Example 10 

55 [0121] 5.0 g of the PAS having a number average molecular weight of 6700 prepared in Preparation Example 3 is 
dissolved in 50 ml of THF, and hydrolyzed by using 0.10 g of 1N aqueous hydrochloric acid at room temperature to 
obtain a solution. The solution was coated on a polycarbonate substrate by using a spin coater to form the first interme- 
diate layer. 
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[0122] 5.0 g of TMOS was dissolved in 25 ml of THF, and hydrolyzed by using 2.0 g of 1 N aqueous hydrochloric 
acid at room temperature to prepare a solution. The solution was coated on the surface of the first intermediate layer 
by using a spin coater to form the second intermediate layer. 

[01 23] 5.0 g of titanium tetraisopropoxide was dissolved in 25 ml of THF and hydrolyzed by using 1 .2 g of 1 N aque- 
ous hydrochloric acid at room temperature to prepare a solution. The solution was coated on the surface of the second 
intermediate layer by using a spin coater to form the photo-catalysis layer. 

[0124] The coated material was allowed to stand at room temperature for 1 day, and heated at 100°C for 10 hours. 
[0125] As a result, an organic- inorganic hybrid material which has a polycarbonate substrate, a first intermediate 
layer composed of crosslinked PAS, a second intermediate layer composed of silica, and a photo-catalysis layer com- 
posed of titanium oxide was obtained. 

Example 11 

[01 26] 2.5 g of the PAS having a number average molecular weight of 6700 prepared in Preparation Example 3, and 
2.5 g of TMOS were dissolved in 40 ml of THF, and hydrolyzed by using 1 .0 g of 1 N aqueous hydrochloric acid at room 
temperature to obtain a solution. The solution was coated on a polycarbonate substrate by using a spin coater to form 
the intermediate layer. 

[0127] 2.5 g of TMOS, and 2.5 g of anatase type titanium oxide having an average particle size of Sum were dis- 
persed in 25 ml of THF, and hydrolyzed by using 1.0 g of 1 N aqueous hydrochloric acid at room temperature to prepare 
a dispersion. The dispersion was coated on the surface of the intermediate layer by using a spin coater to form the 
photo-catalysis layer. 

[0128] The coated material was allowed to stand at room temperature for 1 day, and heated at 100°C for 10 hours. 
[01 29] As a result, an organic-inorganic hybrid material which has a polycarbonate substrate, an intermediate layer 
composed of silica/crosslinked PAS, and a photo-catalysis layer composed of silicaAitanium oxide particles was 
obtained. 

Example 12 

[01 30] 2.5 g of the PAS having a number average molecular weight of 6700 prepared in Preparation Example 3, and 
2.5 g of TMOS were dissolved in 40 ml of THF, and hydrolyzed by using 1 .0 g of 1 N aqueous hydrochloric acid at room 
temperature to obtain a solution. The solution was coated on a polycarbonate substrate by using a spin coater to form 
the intermediate layer. 

[0131] 2.5 g of TMOS, and 2.5 g of cuprous oxide were dispersed in 25 ml of THF, and hydrolyzed by using 1 .0 g 
of 1 N aqueous hydrochloric acid at room temperature to prepare a dispersion. The dispersion was coated on the sur- 
face of the intermediate layer by using a spin coater to form the photo-catalysis layer. 

[0132] The coated material was allowed to stand at room temperature for 1 day, and heated at 100°C for 10 hours. 
[01 33] As a result, an organic-inorganic hybrid material which has a polycarbonate substrate, an intermediate layer 
composed of silica/crosslinked PAS, and a photo-catalysis layer composed of silica/cuprous oxide particles was 
obtained. 

Comparative Example 1 

[0134] 2.5 g of TEOS, and 2.5 g of anatase type titanium oxide having an average particle size of Sum were dis- 
persed in 25 ml of THF, and hydrolyzed by using 1 .0 g of 1 N aqueous hydrochloric acid at room temperature to prepare 
a dispersion. The dispersion was coated on the surface of the polycarbonate substrate to form the photo-catalysis layer. 
[0135] The coated material was allowed to stand at room temperature for 1 day, and heated at 100°C for 10 hours. 

Comparative Example 2 

[0136] 2.5 g of TMOS, and 2.5 g of cuprous oxide were dispersed in 25 ml of THF, and hydrolyzed by using 1 .0 g 
of 1 N aqueous hydrochloric add at room temperature to prepare a dispersion. The dispersion was coated on the surface 
of the polycarbonate substrate to form the photo-catalysis layer. 

[0137] The coated material was allowed to stand at room temperature for 1 day, and heated at 100°C for 10 hours. 
Comparative Example 3 

[0138] 5.0 g of titanium tetrabutoxide was dissolved in 25 ml of THF, and hydrolyzed by using 1 .0 g of 1 N aqueous 
hydrochloric acid at room temperature to prepare a solution. The solution was coated on the surface of the polycar- 
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bonate substrate to form the photo-catalysis layer. 

[0139] The coated material was allowed to stand at room temperature for 1 day, and heated at 100°C for 10 hours. 
Comparative Example 4 

[0140] 2.5 g of the PCS having a number average molecular weight of 4400 prepared in Preparation Example 1, 
and 2.5 g of anatase type titanium oxide having an average particle size of 5jim were dispersed in 40 ml of THF, and 
hydrolyzed by using 0. 1 g of 1 N aqueous hydrochloric acid at room temperature to prepare a dispersion. The dispersion 
was coated on the surface of the polycarbonate substrate to form the photo-catalysis layer. 
[0141 ] The coated material was allowed to stand at room temperature for 1 day, and heated at 100°C for 1 0 hours. 

Comparative Example 5 

[0142] 2.5 g of the PCS having a number average molecular weight of 4400 prepared in Preparation Example 1, 
and 2.5 g of cuprous oxide particles were dispersed in 40 ml of THF, and hydrolyzed by using 0.1 g of 1N aqueous 
hydrochloric acid at room temperature to prepare a dispersion. The dispersion was coated on the surface of the poly- 
carbonate substrate to form the photo-catalysis layer. 

[0143] The coated material was allowed to stand at room temperature for 1 day, and heated at 100°C for 10 hours. 
Cross Cut Taoe Test 

[0144] Adhesiveness of the coated layer of the organic-inorganic hybrid materials prepared in Examples 1 to 12, 
and Comparative Examples 1 to 3 were tested substantially according to JIS K 5400. 

[0145] A grid including 100 squares made of orthogonal eleven-by-eleven parallel lines spaced 1 mm, was made 
on a surface of a test piece (30 x 30 mm) by using a cutter knife. An adhesive tape available from Nichiban K.K. as the 
trade name of CELLOPHANE TAPE was applied and adhered to the squares of the coated layer, the adhesive tape was 
peeled off quickly, and observed whether the coated layer was detached or not. The results were shown in Table 1 . 
[0146] Nearly ail the squares of the coated layer were detached on the test pieces of Comparative Examples 1 to 
3. Whereas, no square of the coated layer was detached on test pieces of Examples 1 to 12. The results show that the 
organic-inorganic hybrid material of the present invention has excellent interface strength. 



Table 1 



Cross Cut Tape Test 


Test piece 


Unpeeled squares 


Test piece 


Unpeeled squares 


Example 1 


100/100 


Example 9 


100/100 


Example 2 


100/100 


Example 10 


100/100 


Example 3 


100/100 


Example 1 1 


100/100 


Example 4 


100/100 


Example 12 


100/100 


Example 5 


100/100 


C. Ex. 1 


10/100 


Example 6 


100/100 


C. Ex. 2 


3/100 


Example 7 


100/100 


C. Ex. 3 


5/100 


Example 8 


100/100 







Accelerated Weathering Test 

[0147] Weather resistance of the organic-inorganic hybrid materials prepared in Examples 1 to 12, and Compara- 
tive Examples 4 and 5 were tested by using a weatherometer substantially according to JIS D 0205. 
[0148] Weathering of a test piece (150 x 70 mm) was conducted under the following conditions: 
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Apparatus 


WEL-75XS-HC-BEC TYPE XENON SUNSHINE LONG LIFE WEATHEROM- 
ETER available from Sugai Shikenki K.K. 


Average discharge electric power 


390 W/m 2 


Spray pressure of water 


1.0 kgf/cm 2 


Water amount 


2000 ml/min 


Spray period 


A cycle of 12 min. water spray every 1 hr. 


Test period 


200 hours 



is [0149] The test piece was taken out from the weatherometer after the weathering, and the substrate thereof was 
visually observed. 

[0150] Discoloration of the substrate was observed on the test pieces of Comparative Examples 4 and 5, and no 
change was observed on the test pieces of Examples 1 to 12. The results were shown in Table 2. 
[01 51 ] It is thought that the substrate of the test piece of Comparative Example is oxidized and discolored because 
20 the substrate directly contacts with titanium oxide or cuprous oxide. Whereas, the substrate of the test piece of Example 
is not oxidized because the substrate and the titanium oxide or the cuprous oxide, are separated by the silica layer. 



Table 2 



25 


Accelerated Weathering Test 


Test piece 


Substrate appearance 


Test piece 


Substrate appearance 




Example 1 


O 


Example 8 


O 


30 


Example 2 


O 


Example 9 


o 




Example 3 


O 


Example 10 


o 




Example 4 


O 


Example 1 1 


o 




Example 5 


O 


Example 12 


o 


35 


Example 6 


O 


C. Ex. 4 


X 




Example 7 


O 


C. Ex. 5 


X 



O - No change was observed. 

X: Change such as discoloration was observed. 

40 



Ability of Deodorizing Test for Tobacco Odor 

[0152] The ability of deodorizing for tobacco odor of the organic-inorganic hybrid materials prepared in Examples 

45 1 to 12, and polycarbonate plate was tested. 

[0153] A 900 ml wide mouthed bottle was set upside down, and a cigarette emitting smoke was placed just below 
the mouth of the bottle for 5 seconds. A test piece (30 x 30 mm) was put in the bottle and the mouth of the bottle was 
sealed. The bottle was allowed to stand under outdoor sunlight for 1 hour. Thereafter, the mouth was opened, and the 
odor inside the bottle was evaluated. The results were shown in Table 3. 

so [01 54] Tobacco odor was found in the bottle of the polycarbonate plate, but no odor was found in the bottles of the 
test pieces of Examples 1 to 12. 

[0155] The organic-inorganic hybrid material of the present invention had excellent ability of deodorizing for 
tobacco odor. 

55 
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Table 3 



Ability of Deodorizing Test for Tobacco Odor 


Test piece 


Odor 


Test piece 


Odor 


Example 1 


0 


Example 8 


O 


Example 2 


0 


Example 9 


O 


Example 3 


0 


Example 10 


0 


Example 4 


O 


Example 11 


O 


Example 5 


0 


Example 12 


o 


Example 6 


O 


Polycarbonate 


X 


Example 7 


O 







O- No or little odor remained. 
X: Strong odor remained. 



Ability of Deodorizing Test for Ammonia Odor 

[0156] The ability of deodorizing for ammonia odor of the organic-inorganic hybrid materials prepared in Examples 
1 to 12, and polycarbonate plate was tested. 

[01 57] Ammonia gas was introduced in a glass desiccator equipped with a test piece (30 x 30 mm) and a gas detec- 
tor tube. The desiccator was allowed to stand under indoor fluorescent light, and the concentration of the ammonia gas 
was measured with time. The results ware shown in Table 4. 

[0158] The organic-inorganic hybrid material of the present invention had excellent ability of deodorizing for ammo- 
nia odor. 



Table 4 



Ability of Deodorizing Test for Ammonia Odor 


Test piece 


Gas concentration (ppm) 




Just introduced 


After 1 hour 


After 2 hour 


After 5 hour 


Example 1 


500 


40 


10 


5 or less 


Example 2 


490 


30 


10 


5 or less 


Example 3 


500 


50 


30 


10 


Example 4 


500 


50 


20 


10 


Example 5 


490 


30 


10 


5 or less 


Example 6 


500 


40 


10 


5 or less 


Example 7 


490 


40 


20 


10 


Example 8 


500 


50 


30 


20 


Example 9 


500 


40 


20 


5 or less 


Example 10 


500 


30 


10 


5 or less 


Example 1 1 


500 


50 


30 


10 


Example 12 


490 


50 


30 


10 


Polycarbonate 


500 


480 


470 


430 
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Ability of Deodorizing Test for Methyl Mercaptan Odor 

[0159] The ability of deodorizing for methyl mercaptan odor of the organic-inorganic hybrid materials prepared in 
Examples 1 to 12, and polycarbonate plate was tested. 
5 [0160] Methyl mercaptan gas was introduced in a glass desiccator equipped with a test piece (30 x 30 mm) and a 
gas detector tuba The desiccator was allowed to stand under indoor fluorescent light, and the concentration of the 
methyl mercaptan gas was measured with time. The results ware shown in Table 5. 

[0161] The organic-inorganic hybrid material of the present invention had excellent ability of deodorizing for methyl 
mercaptan odor. 

w 



Table 5 





Ability of Deodorizing Test for Methyl Mercaptan Odor 


15 


Test piece 


Gas concentration (ppm) 






Just introduced 


After 1 hour 


After 2 hour 


After 5 hour 




Example 1 


200 


50 


20 


10 


20 


Example 2 


200 


40 


10 


5 


Example 3 


200 


60 


30 


20 




Example 4 


200 


60 


30 


20 




Example 5 


200 


40 


20 


5 


25 


Example 6 


190 


40 


10 


5 




Example 7 


190 


50 


30 


10 




Example 8 


190 


60 


30 


20 


30 


Example 9 


200 


40 


10 


5 


Example 10 


200 


50 


20 


10 




Example 1 1 


190 


50 


20 


10 




Example 12 


200 


50 


30 


20 


35 


Polycarbonate 


200 


180 


170 


150 



Example 13 

40 [0162] A mixed composition containing the PCS having a number average molecular weight of 4400 prepared in 
Preparation Example 1 and tetraethoxysilane (TEOS) in the ratio by weight shown in Table 6 was hydrolyzed in THF by 
using 1 N aqueous hydrochloric acid at room temperature to obtain sample No. 1 to 4, 

[0163] A mixed composition containing TEOS and titanium oxide particles for photo-catalysis available from Ishi- 
hara Techno K.K. as ST-21 (0.02fim in average particle size, Ti0 2 ) in the ratio by weight shown in Table 6 was hydro- 
ps lyzed in THF by using 1N aqueous hydrochloric acid at room temperature to obtain sample No. 5 to 7. 



Table 6 



Composition of Samples 


No. 


PCSfTEOS/Ti0 2 (ratio) 


PCS (g) 


TEOS (g) 


Ti0 2 (g) 


THF (ml) 


1NHCI aq. (mg) 


1 


75/25/0 


3.0 


1.0 


0 


35 


450 


2 


50/50/0 


2.0 


2.0 


0 


30 


750 


3 


25/75/0 


1.0 


3.0 


0 


25 


1100 


4 


0/100/0 


0 


4.0 


0 


20 


1400 


5 


0/75/25 


0 


3.0 


1.0 


20 


1050 
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Table 6 (continued) 



Composition of Samples 


No. 


PCS/TEOS/Ti0 2 (ratio) 


PCS (g) 


TEOS (g) 


Ti0 2 (g) 


THF (ml) 


1NHCI aq. (mg) 


6 


0/50/50 


0 


2.0 


2.0 


20 


750 


7 


0/25/75 


0 


1.0 


3.0 


20 


400 



[0164] The solutions and the dispersions of Table 6 were coated on a polycarbonate substrate by using a spin 
coater in the order of No. 1 to 7. When one solution was coated, the coated film was allowed to stand at room temper- 
ature for 1 minute, and the next solution was coated in conducting the coating steps. The coated substrate was then 
allowed to stand for 1 day, and heat treated at 100°C for 10 hours (80^m in film thickness). 

[0165] As a result, the organic-inorganic hybrid material (300) as shown in Fig. 3 which has a polycarbonate sub- 
strate (301), a first intermediate layer (302) composed of component-gradient silica/crosslinked PCS, a second inter- 
mediate layer (303) composed of silica, and a photo-catalysis layer (304) composed of component-gradient 
silica/titanium oxide was obtained. 

Example 14 

[0166] The sample No. 1 to 4 of Table 6 were coated on a polycarbonate substrate by using a spin coater in the 
order of No. 1 to 4. When one solution was coated, the coated film was allowed to stand at room temperature for 1 
minute, and the next solution was coated in conducting the coating steps. 

[0167] 4.0 g of titanium oxide particles for photo-catalysis available from Ishihara Techno K.K. as the trade name of 
ST-21 (0.02^im in average particle size, Ti0 2 ) was dispersed in 20 ml of THF. The dispersion was coated on the surface 
of the coated layer by using a spin coater. The coated substrate was then allowed to stand for 1 day, and heat treated 
at100°C for 10 hours. 

[0168] As a result, the organic-inorganic hybrid material (400) as shown in Fig. 4 which has a polycarbonate sub- 
strate (401), a first intermediate layer (402) composed of component-gradient silica/crosslinked PCS, a second inter- 
mediate layer (403) composed of silica, and a photo-catalysis layer (404) composed of titanium oxide particles was 
obtained. 

Example 15 

[0169] A mixed composition containing the PSS having a number average molecular weight of 6000 prepared in 
Preparation Example 2 and tetramethoxysilane oligomer having a number average molecular weight of 1000 available 
from Mitsubishi Kagaku K.K. as MKC SILICATE MS-56 (TMOS) in the ratio by weight shown in Table 7 was hydrolyzed 
in THF by using 1N aqueous hydrochloric acid at room temperature to obtain sample No. 1 to 4. 
[0170] A mixed composition containing TMOS and titanium oxide particles for photo-catalysis available from Ishi- 
hara Techno K.K. as ST-21 (0.02um in average particle size, Ti0 2 ) in the ratio by weight shown in Table 7 was hydro- 
lyzed in THF by using 1 N aqueous hydrochloric acid at room temperature to obtain sample No. 5 to 7. 



Table 7 



Composition of Samples 


No. 


PSS/TMOS/Ti0 2 (ratio) 


PSS (g) 


TMOS (g) 


Ti0 2 (g) 


THF (ml) 


1NHCI aq. (mg) 


1 


75/25/0 


3.0 


1.0 


0 


35 


450 


2 


50/50/0 


2.0 


2.0 


0 


30 


800 


3 


25/75/0 


1.0 


3.0 


0 


25 


1200 


4 


0/100/0 


0 


4.0 


0 


20 


1500 


5 


0/75/25 


0 


3.0 


1.0 


20 


1200 


6 


0/50/50 


0 


2.0 


2.0 


20 


800 


7 


0/25/75 


0 


1.0 


3.0 


20 


450 
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[0171] The solutions and the dispersions of Table 7 were coated on a polycarbonate substrate by using a spin 
coater in the order of No. 1 to 7. When one solution was coated, the coated film was allowed to stand at 50°C for 10 
minutes, and the next solution was coated in conducting the coating steps. The coated substrate was then allowed to 
stand for 1 day, and heat treated at 100°C for 10 hours (90*im in film thickness). 

5 [0172] As a result, an organic-inorganic hybrid material which has a polycarbonate substrate, a first intermediate 
layer composed of component-gradient silica/crosslinked PSS, a second intermediate layer composed of silica, and a 
photo-catalysis layer composed of component-gradient silica/titanium oxide. 

Example 16 

w 

[0173] A mixed composition containing the PAS having a number average molecular weight of 6700 prepared in 
Preparation Example 3 and TMOS in the ratio by weight shown in Table 8 was hydrolyzed in THF by using 1N aqueous 
hydrochloric acid at room temperature to obtain sample No. 1 to 4. 

[0174] A mixed composition containing TMOS and titanium oxide particles for photo-catalysis available from Ishi- 
is hara Techno K.K. as ST-21 (0.02jim in average particle size, Ti0 2 ) in the ratio by weight shown in Table 8 was hydro- 
lyzed in THF by using 1 N aqueous hydrochloric acid at room temperature to obtain sample No. 5. 



Table 8 



20 


Composition of Samples 


No. 


PAS/TMOS/Ti0 2 (ratio) 


PAS (g) 


TMOS (g) 


Ti0 2 (g) 


THF (ml) 


INHCIaq. (mg) 




1 


75/25/0 


3.0 


1.0 


0 


35 


450 


25 


2 


50/50/0 


2.0 


2.0 


0 


30 


800 




3 


25/75/0 


1.0 


3.0 


0 


25 


1200 




4 


0/100/0 


0 


4.0 


0 


20 


1500 




5 


0/50/50 


0 


2.0 


2.0 


20 


800 



30 



[01 75] The solutions and the dispersion of Table 8 were coated on a polycarbonate substrate by using a spin coater 
in the order of No. 1 to 5. When one solution was coated, the coated film was allowed to stand at room temperature for 
30 minutes, and the next solution was coated in conducting the coating steps. The coated substrate was then allowed 
35 to stand for 1 day, and heat treated at 1 00°C for 1 0 hours. 

[0176] As a result, an organic-inorganic hybrid material which has a polycarbonate substrate, a first intermediate 
layer composed of component-gradient silica/crosslinked PAS, a second intermediate layer composed of silica, and a 
photo-catalysis layer composed of silica/titanium oxide. 

40 Example 17 

[0177] The samples No. 1 to 4 of Table 8 were coated on a polycarbonate substrate by using a spin coater in the 
order of No. 1 to 4. When one solution was coated, the coated film was allowed to stand at room temperature for 30 
minutes, and the next solution was coated in conducting the coating steps. 
45 [0178] 4.0 g of titanium oxide particles for photo-catalysis available from Ishihara Techno K.K. as the trade name of 
ST-21 (0.02nm in average particle size, Ti0 2 ) was dispersed in 20 ml of THF. The dispersion was coated on the surface 
of the coated layer by using a spin coater. The coated substrate was then allowed to stand for 1 day, and heat treated 
at 100°C for 10 hours. 

[0179] As a result, an organic-inorganic hybrid material which has a polycarbonate substrate, a first intermediate 
so layer composed of component-gradient silica/crosslinked PAS, a second intermediate layer composed of silica, and a 
photo-catalysis layer composed of titanium oxide particles was obtained. 

Example 18 

55 [0180] The samples No. 1 to 4 of Table 6 were coated on a polycarbonate substrate by using a spin coater in the 
order of No. 1 to 4. When one solution was coated, the coated film was allowed to stand at room temperature for 1 
minute, and the next solution was coated in conducting the coating steps. 

[0181 ] 2.0 g of TEOS, and 2.0 g of cuprous oxide were dispersed in 20 ml of THF, and hydrolyzed by using 800 mg 
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of 1 N aqueous hydrochloric acid at room temperature. The dispersion was coated on the surface of the coated layer by 
using a spin coater. The coated substrate was then allowed to stand for 1 day, and heat treated at 100°C for 10 hours. 

[0182] As a result, an organic-inorganic hybrid material which has a polycarbonate substrate, a first intermediate 
layer composed of component-gradient silica/crosslinked PCS, a second intermediate layer composed of silica, and a 
5 photo-catalysis layer composed of silica/cuprous oxide was obtained. 

Example 19 

[0183] The samples No. 1 to 4 of Table 7 were coated on a polycarbonate substrate by using a spin coater in the 
io order of No. 1 to 4. When one solution was coated, the coated film was allowed to stand at 50°C for 10 minutes, and 
the next solution was coated in conducting the coating steps. 

[0184] 1 .0 g of TMOS, and 3.0 g of cuprous oxide were dispersed in 20 ml of THF, and hydrolyzed by using 800 mg 
of 1 N aqueous hydrochloric acid at room temperature. The dispersion was coated on the surface of the coated layer by 
using a spin coater. The coated substrate was then allowed to stand for 1 day, and heat treated at 100°C for 10 hours. 
is [0185] As a result, an organic-inorganic hybrid material which has a polycarbonate substrate, a first intermediate 
layer composed of component-gradient silica/crosslinked PSS, a second intermediate layer composed of silica, and a 
photo-catalysis layer composed of silica/cuprous oxide was obtained. 

Example 20 

20 

[0186] The samples No. 1 to 4 of Table 8 were coated on a polycarbonate substrate by using a spin coater in the 
order of No. 1 to 4. When one solution was coated, the coated film was allowed to stand at room temperature for 30 
minutes, and the next solution was coated in conducting the coating steps. 

[0187] 4.0 g of cuprous oxide was dispersed in 20 ml of THF. The dispersion was coated on the surface of the 
25 coated layer by using a spin coater. The coated substrate was then allowed to stand for 1 day, and heat treated at 1 00°C 
for 10 hours. 

[0188] As a result, an organic-inorganic hybrid material which has a polycarbonate substrate, a first intermediate 
layer composed of component-gradient silica/crosslinked PAS, a second intermediate layer composed of silica, and a 
photo-catalysis layer composed of cuprous oxide particles was obtained. 

30 

Example 21 

[0189] A mixed composition containing the PCS having a number average molecular weight of 4400 prepared in 
Preparation Example 1 and TEOS in the ratio by weight shown in Table 9 was hydrolyzed in THF by using 1 N aqueous 
35 hydrochloric acid at room temperature to obtain sample No. 1 to 4. 

[0190] A mixed composition containing TEOS and titanium butoxide (TBOT) in the ratio by weight shown in Table 9 
was hydrolyzed in.THF by using 1 N aqueous hydrochloric acid at room temperature to obtain sample No. 5 to 8. 

40 Table 9 



Composition of Samples 


No. 


PCS/TEOS/TBOT (ratio) 


PCS (g) 


TEOS (g) 


TBOT (g) 


THF (ml) 


INHCIaq. (mg) 


1 


75/25/0 


3.0 


1.0 


0 


35 


450 


2 


50/50/0 


2.0 


2.0 


0 


30 


750 


3 


25/75/0 


1.0 


3.0 


0 


25 


1100 


4 


0/100/0 


0 


4.0 


0 


20 


1400 


5 


0/75/25 


0 


3.0 


1.0 


20 


1250 


6 


0/50/50 


0 


2.0 


2.0 


20 


1100 


7 


0/25/75 


0 


1.0 


3.0 


20 


950 


8 


0/0/100 


0 


0 


4.0 


20 


850 



[01 91 ] The solutions of Table 9 were coated on a polycarbonate substrate by using a spin coater in the order of No. 
1 to 8. When one solution was coated, the coated film was allowed to stand at room temperature for 1 minute, and the 
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next solution was coated in conducting the coating steps. The coated substrate was then allowed to stand for 1 day, and 
heat treated at 100°C for 10 hours. 

[0192] As a result, an organic-inorganic hybrid material which has a polycarbonate substrate, a first intermediate 
layer composed of component-gradient silica/crossl inked PCS, a second intermediate layer composed of silica, and a 
photo-catalysis layer composed of component-gradient silica/titanium oxide was obtained. 

Example 22 

[0193] The samples No. 1 to 4, and 6 of Table 9 were coated on a polycarbonate substrate by using a spin coater 
in the order of No. 1 to 4, and 6. When one solution was coated, the coated film was allowed to stand at room temper- 
ature for 1 minute, and the next solution was coated in conducting the coating steps. The coated substrate was then 
allowed to stand for 1 day, and heat treated at 100°C for 10 hours. 

[0194] As a result, an organic-inorganic hybrid material which has a polycarbonate substrate, a first intermediate 
layer composed of component-gradient silica/crossl inked PCS, a second intermediate layer composed of silica, and a 
photo-catalysis layer composed of silica/titanium oxide was obtained. 

Example 23 

[0195] A mixed composition containing the PSS having a number average molecular weight of 6000 prepared in 
Preparation Example 2 and TMOS in the ratio by weight shown in Table 1 0 was hydrolyzed in THF by using 1 N aqueous 
hydrochloric acid at room temperature to obtain sample No. 1 to 4. 

[0196] A mixed composition containing TMOS and titanium butoxide tetramer (TBOTT) having a number average 
molecular weight of 970 in the ratio by weight shown in Table 10 was hydrolyzed in THF by using 1N aqueous hydro- 
chloric acid at room temperature to obtain sample No. 5 to 8. 



Table 10 



Composition of Samples 


No. 


PSS/TMOS/TBOTT 
(ratio) 


PSS (g) 


TMOS (g) 


TBOTT (g) 


THF (ml) 


INHCIaq. (mg) 


1 


75/25/0 


3.0 


1.0 


0 


35 


450 


2 


50/50/0 


2.0 


2.0 


0 


30 


800 


3 


25/75/0 


1.0 


3.0 


0 


25 


1200 


4 


0/100/0 


0 


4.0 


0 


20 


1450 


5 


0/75/25 


0 


3.0 


1.0 


20 


1250 


6 


0/50/50 


0 


2.0 


2.0 


20 


1100 


7 


0/25/75 


0 


1.0 


3.0 


20 


900 


8 


0/0/100 


0 


0 


4.0 


20 


750 



[0197] The solutions of Table 10 were coated on a polycarbonate substrate by using a spin coater in the order of 
No. 1 to 8. When one solution was coated, the coated film was allowed to stand at 50°C for 10 minutes, and the next 
solution was coated in conducting the coating steps. The coated substrate was then allowed to stand for 1 day, and heat 
treated at 100°C for 10 hours. 

[0198] As a result, an organic-inorganic hybrid material which has a polycarbonate substrate, a first intermediate 
layer composed of component-gradient silica/crosslinked PSS, a second intermediate layer composed of silica, and a 
photo-catalysis layer composed of component-gradient silica/titanium oxide was obtained. 

Example 24 

[0199] The samples No. 1 to 4, and 7 of Table 1 0 were coated on a polycarbonate substrate by using a spin coater 
in the order of No. 1 to 4, and 7. When one solution was coated, the coated film was allowed to stand at 50°C for 10 
minutes, and the next solution was coated in conducting the coating steps. The coated substrate was then allowed to 
stand for 1 day, and heat treated at 100°C for 10 hours. 
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[0200] As a result, an organic-inorganic hybrid material which has a polycarbonate substrate, a first intermediate 
layer composed of component-gradient silica/crosslinked PSS, a second intermediate layer composed of silica, and a 
photo-catalysis layer composed of silica/titanium oxide was obtained. 

s Example 25 

[0201] A mixed composition containing the PAS having a number average molecular weight of 6700 prepared in 
Preparation Example 3 and TMOS in the ratio by weight shown in Table 1 1 was hydrolyzed in THF by using 1 N aqueous 
hydrochloric acid at room temperature to obtain sample No. 1 to 4. 
10 [0202] A mixed composition containing TMOS and titanium tetraisopropoxide (TIPOT) in the ratio by weight shown 
in Table 1 1 was hydrolyzed in THF by using 1 N aqueous hydrochloric acid at room temperature to obtain sample No. 5 
to 8. 
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Table 1 1 




Composition of Samples 




No. 


PAS/TMOS/TIPOT 
(ratio) 


PAS (g) 


TMOS (g) 


TIPOT (g) 


THF (ml) 


INHCIaq. (mg) 


20 


1 


75/25/0 


3.0 


1.0 


0 


35 


450 




2 


50/50/0 


2.0 


2.0 


0 


30 


800 




3 


25/75/0 


1.0 


3.0 


0 


25 


1200 


25 


4 


0/100/0 


0 


4.0 


0 


20 


1450 




5 


0/75/25 


0 


3.0 


1.0 


20 


1300 




6 


0/50/50 


0 


2.0 


2.0 


20 


1200 




7 


0/25/75 


0 


1.0 


3.0 


20 


1100 


30 


8 


0/0/100 


0 


0 


4.0 


20 


1000 



[0203] The solutions of Table 1 1 were coated on a polycarbonate substrate by using a spin coater in the order of 
No. 1 to 8. When one solution was coated, the coated film was allowed to stand at room temperature for 30 minutes, 
35 and the next solution was coated in conducting the coating steps. The coated substrate was then allowed to stand for 
1 day, and heat treated at 100°C for 10 hours. 

[0204] As a result, an organic-inorganic hybrid material which has a polycarbonate substrate, a first intermediate 
layer composed of component-gradient silica/crosslinked PAS, a second intermediate layer composed of silica, and a 
photo-catalysis layer composed of component-gradient silica/titanium oxide was obtained. 

40 

Example 26 

[0205] The samples No. 1 to 4, and 8 of Table 1 1 were coated on a polycarbonate substrate by using a spin coater 
in the order of No. 1 to 4, and 8. When one solution was coated, the coated film was allowed to stand at room temper- 
45 ature for 30 minutes, and the next solution was coated in conducting the coating steps. The coated substrate was then 
allowed to stand for 1 day, and heat treated at 100°C for 10 hours. 

[0206] As a result, an organic-inorganic hybrid material which has a polycarbonate substrate, a first intermediate 
layer composed of component-gradient silica/crosslinked PAS, a second intermediate layer composed of silica, and a 
photo-catalysis layer composed of titanium oxide was obtained. 

50 

Example 27 

[0207] The samples No. 1 to 4 of Table 9 were coated on a polycarbonate substrate by using a spin coater in the 
order of No. 1 to 4. When one solution was coated, the coated film was allowed to stand at room temperature for 1 
55 minute, and the next solution was coated in conducting the coating steps. 

[0208] Titanium oxide particles for photo-catalysis available from Ishihara Techno K.K. as the trade name of ST-21 
(0.02 fim in average particle size, TiOg) were applied through a wire mesh filter having 3500 mesh (reference size of 
the particle path through the mesh is 4^m) available from Manabe Kogyo K.K. The coated substrate was then allowed 
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to stand for 1 day, and heat treated at 100°C for 10 hours. 

[0209] As a result, an organic-inorganic hybrid material which has a polycarbonate substrate, a first intermediate 
layer composed of component-gradient silica/crosslinked PCS, a second intermediate layer composed of silica, and a 
photo-catalysis layer composed of titanium oxide particles was obtained. 

Comparative Example 6 

[0210] 2.0 g of TEOS, and 2.0 g of anatase type titanium oxide having an average particle size of S^m were dis- 
persed in 20 ml of THF, and hydrolyzed by using 750 mg of 1N aqueous hydrochloric acid at room temperature to pre- 
pare a dispersion. The dispersion was coated on the surface of the polycarbonate substrate to form the photo-catalysis 
layer. 

[0211] The coated material was allowed to stand at room temperature for 1 day, and heated at 100°C for 10 hours. 
Comparative Example 7 

[021 2] 2.0 g of TMOS, and 2.0 g of cuprous oxide were dispersed in 20 ml of THF, and hydrolyzed by using 800 mg 
of 1N aqueous hydrochloric acid at room temperature to prepare a dispersion. The dispersion was coated on the sur- 
face of the polycarbonate substrate to form the photo-catalysis layer. 

[021 3] The coated material was allowed to stand at room temperature for 1 day, and heated at 1 00°C for 1 0 hours. 
Comparative Example 8 

[0214] 4.0 g of titanium tetrabutoxide was dissolved in 20 ml of THF, and hydrolyzed by using 850 mg of 1N aque- 
ous hydrochloric acid at room temperature to prepare a solution. The solution was coated on the surface of the polycar- 
bonate substrate to form the photo-catalysis layer. 

[0215] The coated material was allowed to stand at room temperature for 1 day, and heated at 100°C for 10 hours. 
Comparative Example 9 

[0216] 2.0 g of the PCS having a number average molecular weight of 4400 prepared in Preparation Example 1, 
and 2.0 g of anatase type titanium oxide having an average particle size of 5\im were dissolved in 30 ml of THF, and 
hydrolyzed by using 50 mg of 1N aqueous hydrochloric acid at room temperature to prepare a dispersion. The disper- 
sion was coated on the surface of the polycarbonate substrate to form the photo-catalysis layer. 
[021 7] The coated material was allowed to stand at room temperature for 1 day, and heated at 1 00°C for 1 0 hours. 

Comparative Example 10 

[0218] 2.0 g of the PCS having a number average molecular weight of 4400 prepared in Preparation Example 1, 
and 2.0 g of cuprous oxide particles were dissolved in 30 ml of THF, and hydrolyzed by using 50 mg of 1N aqueous 
hydrochloric acid at room temperature to prepare a dispersion. The dispersion was coated on the surface of the poly- 
carbonate substrate to form the photo-catalysis layer. 

[0219] The coated material was allowed to stand at room temperature for 1 day, and heated at 100°C for 10 hours. 
Heat Shock Test 

[0220] Heat shock resistance of the organic-inorganic hybrid materials prepared in Examples 13 to 26, and Com- 
parative Examples 6 to 8 was tested. 

[0221] A test piece (30 x 30 mm) was heated in a drying oven at 120°C for 30 minutes, and immediately cooled in 
a freezer at -20°C for 30 minutes. This cycle was repeated three times. Thereafter, the test piece was visually observed. 
[0222] Cracks were formed in the coated layer, and the coated layer was detached from the substrate on the test 
pieces of Comparative Examples 6 to 8, and no change was observed on the test pieces of Examples 13 to 26. The 
results are shown in Table 12. 

[0223] The organic-inorganic hybrid material of the present invention had excellent heat shock resistance. 
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Table 12 



Heat Shock Test 


Test Piece 


Substrate appearance 


Test Piece 


Substrate appearance 


Example 13 


o 


Example 22 


o 


Example 14 


0 


Example 23 


0 


Example 15 


0 


Example 24 


0 


Example 16 


o 


Example 25 


o 


Example 17 


0 


Example 26 


0 


Example 18 


0 


C. Ex. 6 


X 


Example 19 


0 


C. Ex. 7 


X 


Example 20 


0 


C. Ex. 8 


X 


Example 21 


0 







20 O : No change was observed. 

X: Cracks and peeling of the coated layer were occured. 



Cross Cut Tape Test 

25 

[0224] Adhesiveness of the coated layer of the organic-inorganic hybrid materials prepared in Examples 13 to 26, 
and Comparative Examples 6 to 8 were tested according to the same manner as that described in Examples 1 to 12. 
The results were shown in Table 13. 

[0225] Nearly all the squares of the coated layer were detached on the test pieces of Comparative Examples 6 to 
30 8. Whereas, no square of the coated layer was detached on the test pieces of Examples 1 3 to 26. The results show that 
the organic-inorganic hybrid material of the present invention has excellent interface strength. 



Table 13 



35 


Cross Cut Tape Test 


Test Piece 


Unpeeled Squares 


Test Piece 


Unpeeled Squares 




Example 13 


100/100(100/100) 


Example 22 


100/100(100/100) 


40 


Example 14 


100/100(100/100) 


Example 23 


100/100(100/100) 




Example 15 


100/100(100/100) 


Example 24 


100/100(100/100) 




Example 16 


100/100(100/100) 


Example 25 


100/100(100/100) 




Example 17 


100/100(100/100) 


Example 26 


100/100(100/100) 


45 


Example 18 


100/100(100/100) 


C. Ex. 6 


10/100 (-) 




Example 19 


100/100(100/100) 


C. Ex. 7 


3/100 (-) 




Example 20 


100/100(100/100) 


C. Ex. 8 


5/100 (-) 


50 


Example 21 


100/100(100/100) 







[0226] The data in parenthesis are the results after heat shock test. 



Accelerating Weathering Test 

55 

[0227] Weather resistance of the organic-inorganic hybrid materials prepared in Examples 13 to 26, and Compar- 
ative Examples 9 and 10 were tested according to the same manner as that described in Examples 1 to 12. The results 
were shown in Table 14. 
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[0228] Discoloration of the substrate was observed on the test pieces of Comparative Examples 9 and 10, and no 
change was observed on the test pieces of Examples 13 to 26. 

[0229] It is thought that the substrate of the test piece of Comparative Example is oxidized and discolored because 
the substrate directly contacts with titanium oxide or cuprous oxide. Whereas, the substrate of the test piece of Example 
is not oxidized because the substrate and the titanium oxide or the cuprous oxide, are separated by the silica layer. 



Table 14 



Accelerating Weathering Test 


Test Piece 


Substrate appearance 


Test Piece 


Substrate appearance 


Example 13 


O 


Example 21 


O 


Example 14 


0 


Example 22 


O 


Example 15 


O 


Example 23 


O 


Example 16 


0 


Example 24 


O 


Example 17 


0 


Example 25 


O 


Example 18 


0 


Example 26 


O 


Example 19 


0 


C. Ex. 9 


X 


Example 20 


0 


C. Ex. 10 


X 



O* No change was observed. 

X: Change such as discoloration was observed. 



Ability of Deodorizing Test for Tobacco Odor 

[0230] The ability of deodorizing for tobacco odor of the organic-inorganic hybrid materials prepared in Examples 
1 3 to 27, and polycarbonate plate was tested according to the same manner as that described in Examples 1 to 12. The 
results were shown in Table 15. 

[0231 ] Tobacco odor was found in the bottle of the polycarbonate plate, but no odor was found in the bottles of the 
test pieces of Examples 13 to 27. 

[0232] The organic-inorganic hybrid material of the present invention had excellent ability of deodorizing for 
tobacco odor. 



Table 15 



Ability of Deodorizing Test for Tobacco Odor 


Test Piece 


Odor 


Test Piece 


Odor 


Example 13 


O 


Example 21 


O 


Example 14 


O 


Example 22 


o 


Example 15 


O 


Example 23 


o 


Example 16 


O 


Example 24 


o 


! Example 17 


O 


Example 25 


o 


Example 18 


O 


Example 26 


o 


Example 19 


0 


Example 27 


o 


Example 20 


0 


Polycarbonate 


X 



O : No or little odor remained. 
X: Strong odor remained. 
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Ability of Deodorizing Test for Ammonia Odor 

[0233] The ability of deodorizing for ammonia odor of the organic-inorganic hybrid materials prepared in Examples 
1 3 to 27, and polycarbonate plate was tested according to the same manner as that described in Examples 1 to 1 2. The 
results were shown in Table 16. 

[0234] The organic-inorganic hybrid material of the present invention had excellent ability of deodorizing for ammo- 
nia odor. 



Table 16 



Ability of Deodorizing Test for Ammonia Odor 


Test Piece 


Gas concentration (ppm) 




Just introduced 


Affpr 1 hour 


Af+Pr O hr»nr 


r\\ Id <J 1 IL/UI 


Examole 13 


490 


50 


CAM 


m 


Examole 14 


490 


WW 


m 

» u 




Examole 15 


500 


50 


20 


10 


Example 16 


480 


50 


20 


10 


Example 17 


490 


20 


10 


5 or less 


Example 18 


490 


50 


30 


10 


Example 19 


500 


40 


20 


10 


Example 20 


500 


30 


20 


10 


Example 21 


500 


30 


10 


5 or less 


Example 22 


490 


40 


30 


10 


Example 23 


490 


20 


10 


5 or less 


Example 24 


500 


40 


20 


5 or less 


Example 25 


500 


30 


20 


5 or less 


Example 26 


500 


30 


10 


5 or less 


Example 27 


490 


30 


10 


5 or less 


Polycarbonate 


500 


480 


470 


430 



Ability of Deodorizing Test for Methyl Mercaptan Odor 

[0235] The ability of deodorizing for methyl mercaptan odor of the organic-inorganic hybrid materials prepared in 
Examples 13 to 27, and polycarbonate plate was tested according to the same manner as that described in Examples 
1 to 12. The results were shown in Table 1 7. 

[0236] The organic-inorganic hybrid material of the present invention had excellent ability of deodorizing for methyl 
mercaptan odor. 



Table 17 



Ability of Deodorizing Test for Methyl Mercaptan Odor 


Test Piece 


Gas concentration (ppm) 




Just introduced 


After 1 hour 


After 2 hour 


After 5 hour 


Example 13 




200 


60 


30 


10 


Example 14 




200 


50 


20 


5 


Example 15 




190 


60 


30 


20 
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Table 17 (continued) 





Ability of Deodorizing Test for Methyl Mercaptan Odor 




Test Piece 


Gas concentration (ppm) 


5 




Just introduced 


After 1 hour 


After 2 hour 


After 5 hour 




Example 16 


200 


60 


30 


20 




Example 1 7 


190 


40 


20 


5 


10 


Example 18 


200 


60 


30 


20 




Example 19 


200 


50 


20 


10 




Example 20 


190 


50 


20 


10 




Example 21 


190 


40 


10 


5 


15 


Example 22 


200 


50 


30 


10 




Example 23 


200 


50 


10 


5 




Example 24 


190 


50 


30 


20 


20 


Example 25 


200 


40 


20 


5 




Example 26 


200 


50 


20 


10 




Example 27 


200 


40 


10 


5 




Poycarbonate 


200 


180 


170 


150 
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Claims 

1. An organic-inorganic hybrid material comprising a substrate, an intermediate layer and a photo-catalysis layer 
30 which are sequentially formed on a surface of the substrate, wherein 

the intermediate layer is composed of an organic-inorganic hybrid polymer material in which an organic poly- 
mer component and a metal oxide component are covalently bonded to each other, which is obtained by hydro- 
lyzing and polycondensing a solution or a wet gel which comprises an organic polymer having an alkoxymetal 
35 group as a functional group or an organic polymer having a functional group readable with a metal alkoxide 

compound, and a metal alkoxide compound, and 

the photo-catalysis layer is composed of a metal oxide exhibiting photo-catalysis. 

2. An organic-inorganic hybrid material comprising a substrate, a first intermediate layer, a second intermediate layer, 
40 and a photo-catalysis layer which are sequentially formed on a surface of the substrate, wherein 

the first intermediate layer is composed of an organic-inorganic hybrid polymer material in which an organic 
polymer component and a metal oxide component are covalently bonded to each other, which is obtained by 
hydrolyzing and polycondensing a solution or a wet gel which comprises an organic polymer having an alkoxy- 
45 metal group as a functional group or an organic polymer having a functional group readable with a metal alkox- 

ide compound, and a metal alkoxide compound, 

the second intermediate layer is composed of a metal oxide which is obtained by hydrolyzing and polycondens- 
ing a metal alkoxide compound, and 

the photo-catalysis layer is composed of a metal oxide exhibiting photo-catalysis. 

50 

3. An organic-inorganic hybrid material comprising a substrate, an intermediate layer and a photo-catalysis layer 
which are sequentially formed on a surface of the substrate, wherein 

the intermediate layer is composed of an organic-inorganic hybrid component-gradient polymer material in 
55 which an organic polymer component and a metal oxide component are covalently bonded to each other, and 

the content of the metal oxide component is increased from the substrate in the direction of the photo-catalysis 
layer, and 

the photo-catalysis layer is composed of a metal oxide exhibiting photo-catalysis. 



26 



EP 1 016 458 A2 



4. An organic-inorganic hybrid material comprising a substrate, a first intermediate layer, a second intermediate layer, 
and a photo-catalysis layer which are sequentially formed on a surface of the substrate, wherein 

the first intermediate layer is composed of an organic-inorganic hybrid component-gradient polymer material in 
5 which an organic polymer component and a metal oxide component are covalently bonded to each other, and 

the content of the metal oxide component is increased from the substrate in the direction of the second inter- 
mediate layer, 

the second intermediate layer is composed of a metal oxide which is obtained by hydrolyzing and polycondens- 
ing a metal alkoxide compound, and 
10 the photo-catalysis layer is composed of a metal oxide exhibiting photo-catalysis. 

5. The organic-inorganic hybrid material according to any one of claims 1 to 4, wherein a main component of the 
organic polymer is a thermosetting resin. 

is 6. The organic-inorganic hybrid material according to any one of claims 1 to 4, wherein a main component of the 
organic polymer is a thermoplastic resin. 

7. The organic-inorganic hybrid material according to any one of claims 1 to 4, wherein a main component of the 
organic polymer is a polycarbonate, polyarylate, or polysuifone. 

20 

8. The organic-inorganic hybrid materia! according to any one of claims 1 to 4, wherein the organic polymer has at 
least one functional group selected from 

an alkoxymetal group, a hydroxyl group, an amino group, and a carboxyl group. 

25 

9. The organic-inorganic hybrid material according to any one of claims 1 to 4, wherein the organic polymer has at 
least one metal alkoxide group as a functional group. 

10. The organic-inorganic hybrid material according to any one of claims 1 to 4, wherein the metal oxide of the inter- 
30 mediate layer does not exhibit photo-catalysis. 

11. The organic-inorganic hybrid material according to any one of claims 1 to 4, wherein the metal oxide of the inter- 
mediate layer does not exhibit photo-catalysis, and is prepared by hydrolyzing and polycondensing a metal alkoxide 
compound or a metal alkoxide mixture comprising the same. 

35 

1 2. The organic-inorganic hybrid material according to any one of claims 1 to 4, wherein the metal element of the metal 
oxide of the intermediate layer is at least one selected from Si and Zr. 

13. The organic-inorganic hybrid material according to any one of claims 1 to 4, wherein the metal oxide of the inter- 
ne mediate layer is prepared by hydrolyzing and polycondensing a silicon alkoxide, zirconium alkoxide, or a metal 

alkoxide mixture comprising either thereof. 

14. The organic-inorganic hybrid material according to any one of claims 1 to 4, wherein the metal element of the metal 
oxide of the intermediate layer is Si. 

45 

15. The organic-inorganic hybrid material according to any one of claims 1 to 4, wherein the metal oxide of the inter- 
mediate layer is prepared by hydrolyzing and polycondensing a silicon alkoxide, or a metal alkoxide mixture com- 
prising a silicon alkoxide. 

so 1 6. The organic-inorganic hybrid material according to any one of claims 1 to 4, wherein the photo-catalysis layer com- 
prises 10 to 100% by weight of metal oxide exhibiting photo-catalysis. 

17. The organic-inorganic hybrid material according to any one of claims 1 to 4, wherein the metal oxide exhibiting 
photo-catalysis is selected from titanium oxide and cuprous oxide. 

55 

18. The organic-inorganic hybrid material according to any one of claims 1 to 4, wherein the photo-catalysis layer is 
composed of a material which comprises metal oxide particles exhibiting photo-catalysis. 
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19. The organic-inorganic hybrid material according to any one of claims 1 to 4, wherein the photo-catalysis layer is 
composed of metal oxide exhibiting photo-catalysis and is prepared by hydrolyzing and polycondensing a metal 
alkoxide compound or a metal alkoxide mixture comprising the same. 

20. The organic-inorganic hybrid material according to any one of claims 1 to 4, wherein the substrate is an organic 
material. 

21 . The organic-inorganic hybrid material according to any one of claims 1 to 4, wherein the photo-catalysis means 
deodorizing, bleaching, antifouling, anti-bacterial, or sanitizing action. 

22. A process for preparing an organic-inorganic hybrid material comprising the steps of: 

(i) providing a substrate having a surface; 

(ii) applying a solution or a wet gel which comprises an organic polymer having an alkoxymetal group as a func- 
tional group or an organic polymer having a functional group readable with a metal alkoxide compound, and a 
metal alkoxide compound on the surface of the substrate to form an intermediate layer; 

(iii) forming a photo-catalysis layer which is composed of a material comprising a metal oxide exhibiting photo- 
catalysis on the surface of the intermediate layer. 

23. A process for preparing an organic-inorganic hybrid material comprising the steps of: 

(i) providing a substrate having a surface; 

(ii) applying a solution or a wet gel which comprises an organic polymer having an alkoxymetal group as a func- 
tional group or an organic polymer having a functional group reactable with a metal alkoxide compound, and a 
metal alkoxide compound on the surface of the substrate to form the first intermediate layer; 

(iii) applying a solution or a wet gel which comprises a metal alkoxide compound on the surface of the first inter- 
mediate layer to form the second intermediate layer; 

(iv) forming a photo-catalysis layer which is composed of a material comprising a metal oxide exhibiting photo- 
catalysis on the surface of the second intermediate layer. 

24. A process for preparing an organic-inorganic hybrid material comprising the steps of: 

(i) providing a substrate having a surface; 

(ii) applying a solution or a wet gel which comprises an organic polymer having an alkoxymetal group as a func- 
tional group or an organic polymer having a functional group reactable with a metal alkoxide compound, and a 
metal alkoxide compound on the surface of the substrate to form a coated layer; 

(iii) altering a compositional ratio of the solution or the wet gel so that the content of the metal oxide component 
is increased, and applying it thereon; 

(iv) repeating step (iii) at least one time to form the intermediate layer; 

(v) forming a photo-catalysis layer which is composed of a material comprising a metal oxide exhibiting photo- 
catatysis on the surface of the intermediate layer. 

25. A process for preparing an organic-inorganic hybrid material comprising the steps of: 

(i) providing a substrate having a surface; 

(ii) applying a solution or a wet gel which comprises an organic polymer having an alkoxymetal group as a func- 
tional group or an organic polymer having a functional group reactable with a metal alkoxide compound, and a 
metal alkoxide compound on the surface of the substrate to form a coated layer; 

(iii) altering a compositional ratio of the solution or the wet gel so that the content of the metal oxide component 
is increased, and applying it thereon; 

(iv) repeating step (iii) at least one time to form the first intermediate layer; 

(v) applying a solution or a wet gel which comprises a metal alkoxide compound on the surface of the first inter- 
mediate layer to form the second intermediate layer; 

(vi) forming a photo-catalysis layer which is composed of a material comprising a metal oxide exhibiting photo- 
catalysis on the surface of the intermediate layer. 

26. The process according to any one of claims 22 to 25, wherein the photo-catalysis layer is formed by directly apply- 
ing a material which comprises particles of a metal oxide exhibiting photo-catalysis on the surface of the interme- 
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diate layer. 



27. The process according to any one of claims 22 to 25, wherein the photo-catalysis layer is formed by the steps of: 
dispersing metal oxide particles exhibiting photo-catalysis into a volatile solvent, and applying the resulting disper- 
sion on the surface of the intermediate, layer. 

28. The process according to any one of claims 22 to 25, wherein the photo-catalysis layer is formed by applying ther- 
eon a solution or a wet gel which comprises a metal alkoxide compound exhibiting photo-catalysis or a low conden- 
sate of the metal alkoxide on the surface of the intermediate layer. 
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Pig. 1 



10 0 




Fig. 2 



2 0 0 
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